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(54) PROCESS FOR PRODUCING HYDROPEROXIDES 

(57) A process for preparing hydroperoxides which 
comprises oxidizing hydrocarbon by a gas containing 
oxygen in ^e presence of a specific compound and 
converting them selectively to corresponding hydroper- 
oxides. 

The specific compound is the compound that can 
capture radicals. The preferable example may be a 
compound selected from radicals of oxygen, nitrogen, 
phosphorus, sulfur, carbon or silicon or a compound 
that forms radicals of these in the reaction system. 

The present invention can be applied to oxidation of 
hydrocart)ons including arylalkyihydrocarbons such as 
cumene, m-diisopropyibenzene. p-diisopropylbenzene, 
1,3.5-triisopropyibenzene. isopropylnaphtiialene, diiso- 
propylnaphthalene, isopropyibiphenyl, diisopropylbiphe- 
nyl, etc. 
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Description 



TECHNICAL FIELD 



[0001 ] The present Invention relates to a process for preparing hydroperoxides, which comprises oxidizing hydrocar- 
bon by a gas containing oxygen and converting it selectively to corresponding hydroperoxides. 

TECHNICAL BACKGROUND 



[0002) The process of oxidizing hydrocarbon by a gas containing oxygen in the absence of a catalyst to prepare cor- 
responding hydroperoxides is known as autoxidation technology However, in this reaction, it is necessary to raise the 
reaction temperature to Increase the rate of accumulation of hydroperoxides. Nevertheless, when the reaction temper- 
ature is raised to increase the rate of accumulation, the reaction product hydroperoxide is thennally decomposed, 
resulting in a decline in Its selectivity. In other words, since there was such relationship between the rate of accumula- 
tion and selectivity that as either one goes up, the other goes down, it was difficult to maintain both of them at high lev- 
els. 

[0003] Attempts have been made to oxidize hydrocarbon in the state of gas containing oxygen by a catalyst to' pro- 
duce an effect on the rate of accumulation and/or selectivity In producing corresponding hydroperoxides (Japanese Pat- 
ent Publication SHO 55-50020, for example). 

[0004] The inventors of the present invention firmly believed that there should be a way to achieve high selectivity, 
while overcoming the relationship between the rate of accumulation and selectivity and maintaining a commercially via- 
ble rate of accumulation at the same time. With this belief, the Inventors continued research assiduously. As a result, 
the inventors successfully made an invention to solve the problem. 

[0005] In the course to the invention, inventors found that a oxidation of a hydrocarbon by a gas containing oxygen In 
the presence of a specific compound is effective for converting it to the corresponding hydroperoxides. 
[0006] Specifically, the present invention provides a method for oxidizing hydrocarbon by a gas containing oxygen 
thereby to prepare con-esponding hydroperoxides at a high selectivity 

DISCLOSURE OF THE INVENTION 

[0007] The process for preparing hydroperoxides by the present invention is based on the attainment of a very high 
selectivity possible by the use of a compound capable of capturing radicals as a specified compound in the process of 
oxidizing hydrocarbon by a gas containing oxygen. The present invention is characterized by oxidizing hydrocarbon by 
a gas containing oxygen in the presence of a compound that can capture radicals and converting it selectively to conre- 
sponding hydroperoxides. 



THE BEST EMBODINMENT OF THE INVENTION 



[0008] Examples of the starting material hydrocarbon include paraffin having secondary carbon, olefin, cycloparaffin 
and arylalkyi hydrocarbon. Specific preferable examples of the starting material include, but are not limited to, iso- 
butene, etc. as paraffin having secondary carbon; pentene, isobutene. etc. as olefin; cyclopentane, cyclohexane. etc. 
as cycloparaffin; and cumene, cymene, etc. as arylalkyi hydrocarbon. 

[0009] The compound represented by the following general formula (1) may be cited as an example of the arylalkyi 
hydrocarbon: ^ 
Compound of the general formula (1): 



At 



(I) 



(wherein P and Q stand for hydrogen or the alkyi group, which may be the same or different from each other; x stands 
for a whole number of 1 to 3; and Ar stands for the aromatic hydrocarbon group of the x value.) 
[001 0] In the general formula (I), it Is preferable that at least either of P and Q is the alkyi group, especially preferable 
that both of them are alkyi groups. Especially the methyl group is preferable as the aforementioned aikyi group. Further, 
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a hydrocarbon group having the x value that can be derived fronn benzene, naphthalene, biphenyl, diphenyl ether, etc.. 
preferable a hydrocartxsn group of the x value that Is derived from benzene or naphthalene, may be cited as examples 
of the aromatic hydrocartwn group. 

[001 1 ] Therefore, in the present invention, preferable exanrples of the arylalkyi hydrocarbon include,but not limited to. 

5 dllsopropylbenzenes such as cumene, cymene. m-diisopropylbenzene and p-di-isopropyl benzene, triisopropylben- 
zenes such as 1.3,5-tri-isopropy!benzene. ethylbenzene, sec-butylbenzene, sec-butylethylbenzene, isopropylnaphtha- 
lenes, diisopropylnaphthalene such as 2,6-diisopropyl naphthalene, isopropyl diphenyls, diisopropylbiphenyls such as 
4,4'-diisopropylbiphenyl, and mixtures of not less than two of these. Cumen is most preferable. 
[0012] The compound of the present invention that can capture radicals refers to a compound having the ability to 

10 capture radicals, and it does not matter whether the compound itself possesses such ability or such ability is given to 
the compound under reaction conditions, 

[001 3] Examples of the compound of the present invention that can capture radicals include radicals of oxygen, nitro- 
gen, phosphorus, sulfur, carbon and silicon, and the compounds that form these radicals in the reaction system. 
[001 4] In the preparation of the present invention, either those radicals which are stable at room temperature or those 

15 compounds which form radicals under reaction conditions may be used. 

[0015] In the reaction of oxidizing hydrocarbon by a gas containing oxygen, various by-products are formed. In the 
case of the exanrtple of the autoxidation of cumene. dimethylphenyl cart i not, acetophenone and dicumylperoxide may 
be cited as examples of such by-products. It is presumed that there are alkyi radicals such as cumyl radical and 
cumenehydroperoxy radical, hydroxy radical, etc. present in the process of reaction. It is presumed in the present Inven- 

20 tion that the compound that can capture radicals acts on these radicals in some respects, such as capturing the radicals 
inducing the reaction of the formation of such by-products, and consequently the selectivity of the hydroperoxide con-e- 
sponding to the raw material hydrocarbon is improved. 

[001 6] In selecting the compound that can capture radicals in the present invention, it is possible to use the difference 
in* the SOMO (single occupied molecular orbit) energy level (A £ (SOMO)) between the radical of or derived from said 
25 compound that can capture radicals, and the radicals to be captured. The SOMO energy level is calculated by the 
method as described below. It is desirable to select such compound capable of capturing radicals that the difference in 
the SOMO energy level, A e (SOMO). is normally 0 to 10eV, preferably 0 to 4eV. more preferably 0 to leV. 
[001 7] For example, it is desirable to select such compound capable of capturing radicals in the present invention that 
its relationship with the radical (formula 1-2 below) corresponding to the hydrocarbon to be oxidized is as follows: 

30 

A £ (SOMO) = I £ a (SOMO) - e b (SOMO) | =: 0 to 10eV 

wherein e a (SOMO) stands for the SOMO energy level of the compound cable of capturing radicals or the radical 
formed therefrom, and e b (SOMO) stands for the SOMO energy level of the radical corresponding to the hydrocarbon 
35 to be oxidized. 



40 
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x-1 < 



(1-2) 



45 (wherein P and Q. standing for hydrogen or the alkyI group, may be the same or different from each other: x stands for 
a whole number of 1 to 3: and Ar stands for the aromatic hydrocarbon group of the x value.) 

E (SOMO) Calculation Method: 

50 [001 8] The structural calculation of a radical is made by a semiempirical molecular orbit method (MN00-PM3 method: 
MOPAC program) to calculate e (SOMO). 

[001 9] The e (SOMO) of those which are not a radical is determined by the structural calculation of the corresponding 
radical. 

[0020] As the aforementioned A s (SOMO) becomes lower, the hydrocarbon radical is easier to capture. The A £ 
55 (SOMO) is normally in the range of 0 to lOeV, preferably 0 to 4eV. more preferably 0 to 1 eV. 

[0021] The use of a compound having a proper value of A e (SOMO) has the characteristic that in comparison with 
the case of adding no such compound, the selectivity goes up over the selectivity of hydroperoxide In other reaction at 
the same rate of accumulation. Because of this, the use of such compound enables hydrocarbon to be converted at 



3 
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high selectivity and at a high concentration. 

[0022] Oxygen radical and a compound that fornns oxygen radical in the reaction system can be cited as one specific 
example of the compound that can capture radicals. 

[0023] As the oxygen radical of the present invention, the compound represented by the general formula (IQ: 



(wherein Z stands for nitrogen, sulfur or phosphorus; X stands for any substitutional group: and n stands for a whole 
number of 1 to 4 satisfying the value of Z) or a compound that forms the compound represented by the general formula 
(It) in the reaction system can be dted. 

[0024] As the substitutional group X of the general formula (II). the following can be cited: 
X, which may be the same or different from each other, may be hydrogen atom, halogen atom, hydrocarbon group, het- 
erocyclic compound residue, oxygen-containing group, nitrogen-containing group, boron-containing group, sulfur-con- 
taining group, phosphorus-containing group or silicon-containing group, or a ring formed by not less than two of these 
being connected to each other. 

[0025] As halogen atom, fluorine, chlorine, bromine and iodine. 

[0026] Specific examples of the hydrocarbon group include straight-chain or branched alkyi groups having 1 to 30. 
preferably 1 to 20. carbon atoms, such as methyl, ethyl, n-propyl, isopropyf. n-butyl, isobutyl, sec-butyl, tert-butyl. neo- 
pentyl and n-hexyl; straight-chain or branched alkenyl groups having 2 to 30, preferably 2 to 20. carbon atoms, such as 
vinyl, aryl and isopropenyl; straight-chain or branched alkinyl group having 2 to 30. preferably 2 to 20 carbon atoms, 
such as ethynyl and propargyl; cyclic saturated hydrocarbon groups having 3 to 30. preferably 3 to 20. carbon atoms, 
such as cyclopropyl, cydobutyl, cyclopentyi. cydohexyl and adamantyl; cydic unsaturated hydrocarbon group having 5 
to 30 carbonn atoms such as cyclopentadienyl. indenyl and fruorenyl and aryl groups having 6 to 30, preferably 6 to 20, 
carbon atoms, such as phenyl, benzyl, naphtyl. biphenyl, terphenyl, phenanthryi and anthracenyl. 
[0027] Hydrogen atom in the aforementioned hydrocaibon group may be substituted by halogen atom. Examples of 
such hydrocarbon group indude halogenated hydrocarbon groups having 1 to 30, preferably 1 to 20, carbon atoms, 
such as trifluoromethyl, pentafluorophenyl and chlorophenyl. 

[0028] Furthermore, the aforementioned hydrocarbon group may be substituted by other hydrocarbon groups men- 
tioned above. Examples of such hydrocarbon group indude aryl -group-substituted alkyI groups such as benzyl and 
cumyl; alkyl-group-substituted aryl groups such as tolyl. Isopropylphenyl, t-buty[phenyl, dimethylphenyl and di-t-butyl- 
phenyl; and substituted aryl groups in which an aryl group is substituted by alkoxy group, aryl group or aryloxy group. 
Moreover, the aforementioned hydrocarbon groups may contain the heterocyclic compound residue, oxygen-containing 
group, nitrogen-containing group, boric acid-containing group, sulfur-containing group, phosphorus-containing group or 
silicon-containing group mentioned below. 

[0029] Out of them, espedally preferable hydrocarbon groups are particularly straight-chain or branched aikyi groups 
having 1 to 30, preferably 1 to 20. carbon atoms, such as methyl, etiiyl. n-propyl. isopropyl, n-butyl. isobutyl. sec-butyl, 
tert-butyl. neopentyl and n-hexyl; aryl groups having 6 to 30. preferably 6 to 20, carbon atoms, such as phenyl, naphtyl. 
biphenyl, terphenyl, phenanthryi and anthracenyl; and substituted aryl groups having 1 to 5 of substituents such as alkyI 
group or alkoxy group having 1 to 30, preferably 1 to 20 carbon atoms, and aryl group or aryloxy group having 6 to 30, 
preferably 6 to 20 carbon atoms. 

[0030] Examples of the heterocyclic compound residue indude residues of nitrogen-containing compounds such as 
pyrrole, pyridine, pyrimidine, quinoline and triazine; oxygen-containing compounds such as furan and pyrane; residues 
of sulfur-containing compounds such as thiophene; and groups having these heterocyclic compound residues further 
substituted by substitutional groups such as the alkyI group and alkoxy group having 1 to 30, preferably 1 to 20 carbon 
atoms. 

[0031 ] Examples of the oxygen-containing group include the alkoxy group, aryloxy group, ester group, acyl group, car- 
boxyl group, carbonate group, hydroxy group, peroxy group and carboxylic acid anhydride group. 
[0032] Examples of the alkoxy group, out of these, include the alkoxy group having 1 to 30 carbon atoms, spedficaliy. 
methoxy, ethoxy, n-propoxy, isopropoxy. n-butoxy. isobutoxy and tert-butoxy. Examples of the aryloxy group include the 
aryloxy group having 6 to 30 carbon atoms, specifically, phenoxy, 2,6-dimethylphenoxy and 2.4,6-trimethylphenoxy. 
Examples of the ester group include the ester group having 1 to 30 carbon atoms, spedficaliy, acetyloxy, benzoyloxy. 
methoxycarbonyl, phenoxycarbonyl and p-chlorophenoxycartjonyl. Examples of the acyl group indude the acyl group 
having 1 to 30 carbon atoms, specifically, the formyl group, acetyl group, benzoyl group, p-chlorobenzoyi group and p- 
methoxybenzpyl groi^. 
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[0033] Examples of the nitrogen-containing group include the amino group, imino group, amide group, Imide group, 
hydrazine group, hydrazono group, nitro group, nitroso group, cyano group, isocyano group, ester cyanate group, amid- 
ino group, diazo group and amino group having turned into ammonium salt. 

[0034] Examples of the amino group, out of these, include the amino group having 0 to 30 carbon atoms, specifically, 
dimethylamino, ethylmethylamino and diphenylamino. Examples of the imino group include the imino group having 1 to 
30 carbon atoms, specifically, methylimino. ethyiimino, propylimino, butylimino and phenylimino. Examples of the amido 
group include the amido group having 1 to 30 carbon atoms, specifically, acetoamido. N-methylacetoamido and N- 
methylbenzamina Examples of the imido group is the imido group having 2 to 30 carbon atoms, specifically, acetoimido 
and benzimido. 

[0035] Examples of the boron-containing group Include the boranediel group, boranetolyl group and diboranyl group. 
[0036] Examples of the sulfur-containing group include the mercapto group, thioester group, dithioester group, 
alkylthio group, arylthio group, thioacyl group, thioether group, thiocyanate group, isocyanate group, sulfbnester group, 
sulfonamide group, thiocarboxyl group, dithiocarboxyl group, sulfo group, sulfbnyl group, sutfinyl group and sulphonyl 
group. 

[0037] Examples of the thioester group, out of these, include the thioester group having 1 to 30 carbon atoms, spe- 
cifically, acetylthio, benzoylthio, methylthiocarbonyl and phenylthio-cartx)nyl. Examples of the alkylthio group include 
the alkylthio group having 1 to 30 carbon atoms, specifically, methylthio and ethylthio. Examples of the sulfonamide 
group include the sulfonamide group having 0 to 30 carbon atoms, specifically. phenylsuHbnamide, N-methylsuifbna- 
mide and N-methyliD-toluene-suIfbnamide. Examples of the arylthio group include the arylthio group having 6 to 30 car- 
bon atoms, specifically, phenylthio. methylphenylthio and naphthylthio. Examples of the sulfbnester group include the 
sulfonester group having 1 to 30 carbon atoms, specifically, methyl sulfonic acid, ethyl sulfonic acid and phenyl solfbnic 
acid. 

[0038] Examples of the phosphorus-containing group include the phosphide group, phosphoryl group, thiophosphoryl 
arid phosphate group. 

[0039] Examples of the silicon-containing group include the silyl group, siloxy group, hydrocarbon-substituted silyl 
group, hydrocarbon-substituted siloxy group, specifically, methyl silyl. dimethylsilyl. trimethylsilyl, ethylsilyl, diethylsilyl, 
triethylsilyl. diphenylmethylsilyl. triphenylsilyl, dimethylphenylsilyl, dimethyl-t-butylsilyl. and dlmethyI(pentafluorophe- 
nyl)silyl. Out of these, methyl silyl. dimethylsilyl. trimethylsilyl, ethylsilyl. diethylsilyl. triethylsilyl. dimethylphenylsilyl and 
triphenylsilyl are preferable. Especially, trimethylsilyl, triethylsilyl. triphenylsilyl and dimethylphenylsilyl are preferable. 
Specific examples of the hydrocarbon-substituted siloxy group include trimethylsiloxy. 
[0040] Examples of the general formula (II) include, but are not limited to. the following, for example: 
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[0041] In the general formula (II). a compound represented by the following general formula (III) may be cited as an 
40 example of nrtroxide radical. 



45 



so 




(wherein m stands for a whole number of 0 to 3; and -D- and -D'- stand each separately for: 
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A, B, X\ X^. R\ R^, R"* and W stand each separately for hydrogen or a substitutional group comprising an element 
selected from among hydrogen, carlDon. oxygen, nitrogen, sulfur. Phosphorus, silicon and halogen; and each ring mem- 

10 ber carbon atom or each ring member nitrogen atom may form a double bond between adjoining atoms). 

[0042J The substitutional group in the general formula (III) may be the same group as cited as an example of the sub- 
stitutional group X in the aforementioned general formula (II). Preferable examples of the hydrogen or tfie substitutional 
groups of the general formula (III) are hydrogen, alkyi group, aryl group, halogen, cyano group, amino group, isothiocy- 
anic acid group. -COORa (wherein Ra stands for hydrogen, alkyI group and aryl group), (di)alkylaminoalkyl group. 

IS hydroxyl group, hydroxyalkyi group, alkoxy group, arylalkoxy group, -CONRbRc (wherein Rb and Rc are each sepa- 
rately hydrogen, alkyi group and aryl group), oxo group (= 0), maleidmide group, phosphoric acid group. =NH group or 
bivalent group. 

[0043] The examples of the aforementioned nitroxide radicals may include a compound having a structure in which 
two or more structures of the general formula (III) are crosslinked through any of the groups of X\ X?, A, B and W. 
20 [0044] In the general formula (III), it is preferable that all of R1 , R2, R3 and R4 are groups selected from alkyI groups. 
For example, 2.2.6,6-teraalkylpiperidinoxy radical, 4-hydroxy-2,2,6,6-tetraalkyl piperidinyloxy radical, bis-(2,2.6,6-ter- 
aalkyl piperidinoxyl)-sebacate or 2.2.5.5-teraalkyl pyn-olldinoxy radical or the said conpound substituted by the afore- 
mentioned group may be cited as preferable compounds. 

[0045] Specific examples of the compound of the general formula (III) include, but are not limited to, the following: 

25 
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10 

(wherein Me stands for the methyl group; Et stands for the ethyl group: and Ph stands for the phenyl group: This here- 
inafter applies to the present invention. Further, p and q stand for a whole nunnber Of 0 to 30. respectively.) 
[0046] As the compound that turns into nitroocide radical under reaction conditions, the compound that turns into 
IS nitroxide radical represented by the aforementtoned general fomiula (III) under reaction conditions or the compounds 
represented by the following general formulas (V), (VI) and (VII). 



20 




25 

(wherein n stands for a whole number of 0 to 4; and R5 and stand each separately for hydrogen or a substitutional 
group comprising an element selected from among hydrogen, carbon, oxygen, nitrogen, sulfur, phosphorus, silicon and 
halogen.) 

10047] Each of the substitutional groups in the general formula (V) may be the same group as cited as an example of 
30 the substitutional group X In the aforementtoned general formula (11). A preferable example of R5 may be halogen, alkyi 
group, arylalkyl group, alkoxy group or arylalkoxy group, and a preferable example of R6 may be hydrogen or the all^l 
group. 

[0048] As examples of each of substitutional groups of the general formula (V). halogen includes F. CI. Br and I ; the 
alkyl group preferably includes the aikyi group having 1 to 10 carbon atoms, such as the methyl group, ethyl group, n- 
35 propyl group, i-propyl group, n-butyl group, i-butyl group, sec-butyl group, t-butyl group and isoamyl group; the arylalkyl 
group includes cumyl group ; the alkoxy group preferably includes the alkoxy group having 1 to 10 cart>on atoms, such 
as methoxy group, ethoxy group, n-propoxy group, i-propoxy group, n-butoxy group, i-butoxy group, sec-butoxy group 
and t-butoxy group; and the arylalkoxy group includes cumyloxy group. 

[0049] Spedfic examples of the compound of the general formula (V) include, but are not limited to. N-hydroxyph- 
40 thalimide and N-methoxyphthalimide: 



45 



(VT) 



(wherein R^. R^ and R^ stand each separately for hydrogen or a ^bstitutional group comprising an element selected 
50 from among hydrogen, carbon, oxygen, nitrogen, sulfur, phosphorus, silicon and halogen.) 

[0050] Each of the substitutional groups in the general formula (VI) may be the same group as cited as an example 
of the substitutional group X in the aforementioned general formula (II). Preferable examples of the substitutional 
groups are halogen, alkyl group, or haloalkyi group for R^. R^ and R^. 

[0051] As examples of each of substitutional groups of the general formula (VI). halogen includes F, CI. Br and I; the 
55 alkyl group preferably includes the alkyl group having 1 to 10 carbon atoms, such as the methyl group, ethyl group, n- 
propyl group, i-propyl group, n-butyl group, i-butyl group, sec-butyl group, t-butyl group and isoamyl group; and the 
haloalkyi group includes trifluoromethyl group. 



10 
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5 




(VD) 



10 

(wherein I stands for a whole number of 0 to 3: and Y, and stand each separately for hydrogen or a substitu- 
tional group comprising an element selected from among hydrogen, carison, oxygen, nitrogen, sulfur, phosphorus, sili- 
con and halogen.) 

[0052] Each of the substitutional groups in the general formula (VII) may be the same group as cited as an example 
15 of the substitutional group X in the aforementioned general formula (H). Preferable examples of the substitutional 
groups are halogen, alkyi group, arylalkyi group, alkoxy group or arylalkoxy group. 

10053] Halogen includes F. CI, Br and I; the alkyI group preferably includes the alkyI group having 1 to 30 carbon 
atoms, such as the methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, i-butyl group, sec-butyl 
group, t-butyl group and isoamyi group: the arylalkyi group includes cumyl group; the alkoxy group preferably includes 
20 the alkoxy group having 1 to 30 carbon atoms, such as methoxy group, ethoxy group, n-propoxy group, i-propoxy group, 
n-butoxy group, i-butoxy group, sec-butoxy group and t-butoxy group; and the arylalkoxy group includes cumyloxy 
group. 

[0054] Specific exarrples of the compound that can capture radicals include a nitrogen radical or a compound that 
forms a nitrogen radical in the reaction system. 
25 [0055] Specific examples of the compound that can capture these radicals include, but are not limited to, the following: 



30 



35 



40 




[0056] Specific examples of the compound that can capture radicals include a phosphorus radical or a compound that 
forms a phosphorus radical in the reaction system. 

[0057] Specific examples of the compound that can capture these radicals include, but are not limited to, the following: 



55 



11 



EP0 927 717 A1 



nBu 



70 



OPh 



PhO 



PhO 



/I 



OPh 



;5 



20 



25 



30 



[0058] Specific examples of the compound that can capture radicals Include a sulfur radical or a compound that forms 
a sulfur radical in the reaction system. 

[0059] Specific examples of the sulfur radical include, but are not limited to, the following: 




35 [0060] Specific examples of the compound that can capture radicals include a carbon radical or a compound that 
forms a carbon radical in the reaction system. 

[0061 ] Specific examples of the carbon radical include, but are not limited to. the following: 



40 



45 





[0062] Specific examples of the compound that can capture radicals include a silicon radical or a conpound that forms 
50 a silicon radical in the reaction system. 

[0063] Specific examples of the silicon radical include, but are not limited to, the following: 



55 
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[0064] The compound that can capture radicals include secondary amine. Preferably the secondary amine repre- 
sented by the following general formula (IV} may be cited. 



75 
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(wherein m stands for a whole number of 0 to 3; -D- and -D'- stand each separately: 



30 



AS W 

. —0- or — (li- 



as A, B, X\ X^, r\ r2, r3, and W stand each separately for hydrogen or a substitutional group comprising an element 
selected from among hydrogen, carbon, oxygen, nitrogen, sulfur, phophorus, silicon and halogen; and each ring mem- 
ber carbon atom or each ring member nitrogen atom may form a double bond between adjoining atoms). 
[0065] The substitutional group in the general formula (IV) may be the same group as cited as an example of the sub- 
stitutional group X in the aforementioned general formula (II). Preferable examples of the hydrogen or other substitu- 
te tional groups of the general formula (IV) are hydrogen, alkyi group, aryl group, halogen, cyano group, amino group, 
isothiocyanic acid group, -COORa (wherein Ra stands for hydrogen, alkyI group and aryl group), {di)alkylaminoalkyl 
group hydroxyl group, hydroxyalkyi group, alkoxy group, arylalkoxy group, -CONRbRc (wherein Rb and Rc are each 
separately hydrogen, alkyl group and aryl group), oxo group (» 0), maleimide group, phosphoric acid group, ^NH group 
or bivalent group. ^ 
45 [0066] The substitutional groups, which may be the same or different from each other, may be hydrogen atom, halo- 
gen atom, hydrocarbon group, heterocyclic compound residue, oxygen-containing group, nitrogen-containing group, 
boron-containing group, sulfur-containing group, phosphorus-containing group or silicon-containing group, or a ring 
formed by not less than two of these being connected to each other. 

[0067] The examples of the aforementioned secondary amine may incude a compound having a structure in which 
50 two or more structures of the general formula (IV) are crossllnked through any of the radicals of X^ , X^, A, B and W. 
[0068] In the general formula (IV), the preferable compounds are that ail of R\ R^, R^ and R^ are groups selected 
from the alkyl group. For example, they include 2,2.6.6-tetraalkyl piperidine, 2.2.6,6-tetraalkyl-4-piperidinol. bis(2.2.6,6- 
tetraalkyl piperidlnyl)-sebacate or 2.2,5,5-tetraalkyl pyn'olidine, or the said compound substituted by the aforementioned 
group. 

55 [0069] Specific examples of the secondary amine include, but are not limited to, the following: 
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[0070] For the compound that can capture radicals, hindered phenols represented by the general formula (VIII) may 
be cited. 
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(vni) 



(wherein p stands for a whole number of 0 to 3; R^^ ap^j r13 g^g^^ separately for a substitutional group; and z 
stands for hydrogen or another substitutional group.) 

[0071] It is preferable that R^^ an^j r13 g^^^p ^^^^^ ^ ^ ^ carbon atoms or the aryl group having 1 to 30 

cabon atoms, and Z is hydrogen, halogen, alkyi group or aryl group. 

[0072] The substitutional group In the general formula (VIII) nfiay be the same group as an example of the substitu- 
tional group X in the aforementioned general formula (II). 

[0073] Specific examples of the compound of the general fornrujia (VIII) include, but are not limited to. the following: 
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R"—P=0 (K) 



(wherein R^^, R^^ and R^® stand each separately for hydrogen or another substitutional group.) 
10 [0075] It is preferable desirable that R1 4, R1 5 and R1 6 are the alkyi group or the aryl group, 

[0076] The substitutional group in the general formula (IX) may be the same group as cited as an example of the sub- 
stitutional group X In the aforementioned general formula (II). 

[0077] Specific examples of the compound of the general formula (IX) include, but are not limited to. the following: 
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[0078] Furthermore, in the process for preparation of the present invention, eitiier phosphineoxide which is stable at 

room temperature or a compound which turns into phosphineoxide under reaction conditions may be used. 

[0079] As the compound that turns into phosphineoxide under reaction conditions, the compound represented by the 
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general formula (X) may be cited. 
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d19 



(X) 



10 (wherein R^^, R^® and R^® stand each separately for hydrogen or another substitutional group.) 

[0080] The substitutional group in the general formula (X) may be the same group as an example of the substitutional 
group X in the aforementioned general formula (II). It is preferable that these substitutional groups are the alkyi group 
or the aryl group. 

[0081] Specific examples of the compound of the general formula (X) include, but are not limited to. triphenylphos- 
15 phine and tributyfphosphine. 




50 [0082] A spin trap agent may be used as the compound that can capture radicals. The spin trap agent is a compound 
which is used for identifying a radical with a short life that cannot be observed directly by means of ESR, and forms a 
spin trap compound radical observable with the ESR with the radical to enables to identify the original radical with short 
life time by ESR analysis. 

[0083] Specific examples of the compound include, but are not limited to, nitron and nitroso contpound as shown 
55 below. 
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[0084] In this invention, the oxidation of hydrocaiton is conducted in the presence of at least one compound that can 
capture radicals. Two or more compounds that can capture radicals can be used. 

[0085] Supposing the compound that can capture radicals has captured a radical, the enthalpy (AH) to break the bond 
between the compound and the radical can be determined by calculation by the method as desaibed below. The appro- 
priate range of AH depends on the type of the radical to be captured* and the value may be used to select the compound 
that can capture radicals of the present invention. 

[0086] Satisfactory results can be obtained by selecting as the compound of the present invention that can" capture 
radicals such compound that the value of enthalpy (AH) is -30 to 50KJ/mon when calculated on the basis of the assump- 
tion that the radical to be captured is the radical corresponding to the hydrocarbon to be oxidized (formula 1-2). The 
value of the enthalpy (AH) is preferably -25 to 50KJ/mon, more preferably -20 to 50KJ/mon. Using the compound that 
can capture those radicals whose AH Is within such appropriate range produces satisfactory results as intended by the 
present invention. 
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H (heat of formation) calculation method: 

35 

[0087] H was calculated by conducting structural optimization for the structure showing the smallest amount of energy 
(most stable structure) by semiempirical molecular orbital method( AM1 method: MOPAC program) after carrying out 
conformation search by the molecular force field method (CHARMm force field: QUANTA program). 
[0088] The selection of the compound that can capture radicals has the figures within the appropriate range of A e 
40 (SOMO) aforementioned and the value of the enthalpy (AH) is most preferable in this invention. 
[0089] Next, given below is an explanation of the reaction conditions of the present invention. 
[0090] The usage of the compound that can capture radicals or the compound that turns into the compound tiiat can 
capture radicals in the reaction system in the present invention is normally in the range of 0.00001 to 5.0 parts by 
weight, preferably in the range of 0.0001 to 0.1 parts by weight, per 100 parte by weight of the starting material hydro- 
ps caibon. 

[0091 ] As tiie oxygen-containing gas as the oxidizing agent air is normally used, but oxygen or any mixed gas of oxy- 
gen and nitrogen may also be used. 

[0092] The reaction may normally be conducted at atmospheric pressure, but it may also be conducted under ele- 
vated pressure. The reaction temperature is normally in the range of 40 to 1 20°C. preferably in the range of 50 to 100°C. 

so [0093] Furthermore, this reaction may be conducted in the presence of a basic compound in the state of a solid or an 
aqueous solution. Examples of the basic compounds include sodium carbonate, sodium hydrogencartX}nate. sodium 
hydroxide, potassium carbonate, potassium hydrogencarbonate, potassium hydroxide, barium oxide and magnesium 
oxide. The amount of the basic compound used in the reaction is normally 0.0001 to 10.0 parts by weight, preferably 
0.001 to 5.0 parts by weight, per 1 00 parts by weight of the starting material hydrocarbon. 

55 [0094] The reaction in the present invention may be conducted by either batch or continuous method. In the case of 
conducting the reaction by the batch method, if the starting material hydrocarfeon is a liquid at tiie reaction temperature, 
the aforementioned compound that can capture radicals or the aforementioned compound tiiat turns into the compound 
that can capture radicals in the reaction system is added to the starting material and normally made to undergo oxida- 
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tion reaction by blowing air into the material with heating and agitation. If required, an inactive organic solvent may be 
used as the reaction solvent in the reaction. On the other hand, if the starting material arylalkyi hydrocarbon is a solid 
at the reaction temperature, it is made to be dissolved in an inactive organic solvent to form a solution, and the afore- 
mentioned compound that can capture radicals or tiie aforementioned compound that turns into the compound that can 
capture radicals in the reaction system may be added to the solution and made to undergo oxidation reaction by blowing 
air into the material with heating and agitation . 

[0095] • Furtiier, in the present Invention, a small amount of hydroperoxide which corresponds to the hydrocarbon may 

be present, as required, a&the initiator in the hydrocarbon at the time of the start of the reaction. 

[0096] A catalyst such as a transition metal complex may also be used additionally as required. 

[0097] Such catalyst may be formed as a fixed bed. and the starting material hydrocartwn or its solution and air may 

be caused to pass through the fixed bed, while being mixed. 

[0098] According to the method of the present invention, the formed hydroperoxide can be easily recovered from the 
reaction mixture by distillation or any other conventional means after the completion of the reaction and after filtering 
out the catalyst as required. 

Examples 

[0099] Given below is a specific description of examples of preparing organic hydroperoxides from arylalkyi hydrocar- 
bon. However, tiie present invention is not limited in any way by the following examples: 

Exgmpig 1 

[0100J 18 mg of 2.2.6.6-tetramethylplperidinQxy were added to a mixture of 144 g of cumene and 36 g of cumenehy- 
droperoxide, and all of them were dissolved. 90 g of 0.05 wt% sodium carbonate were added to it. and this mixture was 
heated under 6 K pressure to 1 05°C. Then air was blown into it at a rate of 400 ml/min with vigorous agitation for 3 hours 
to oxidize cumene. 

[01 01 ] The rate of accumulation of cumenehydroperoxide during 3 hours from the start of the reaction was determined 
by iodometry and gas chromatography to be 5.0 wt%/hr. Furthermore, the selectivity of the cumenehydroperoxide 
which was formed in the reaction was determined by high performance liquid chromatography to be 91 mol%. 
[0102] The A e and enthalpy (AH) of the 2.2.6,6-tetramethyl-piperidinoxy used and the cumyl radicals corresponding 
to cumene were calculated to be 0.2eV and -6.4KJ/mol, respectively. 

Example 2 

[0103] The reaction was conducted in tiie same manner as Example 1 except that di-t-butylnitroxide was used in place 
of 2,2,6, 6-tetramethylpiperidinoxy. 

[01 04] The rate of accumulation of cumenehydroperoxide during 3 hours from the start of the reaction was determined 
by iodometry and gas chromatography to be 5.2 wt%/hr. Furthermore, tiie selectivity of the cumenehydroperoxide 
which was formed in tiie reaction was determined by high performance liquid chromatography to be 90 mol%. 
[0105] The enthalpy (AH) of the di-t-butylnitrooxide used and tiie cumyl radicals corresponding to cumene were cal- 
culated to be -15.0KJ/mol. 

E^ampl^3 

[0106] The reaction was conducted In tiie same manner as Example 1 except that N-hydroxyphthalimide was used 
in place of 2,2,6,6-teti'amethylpiperidinoxy. 

[0107] The rate of accumulation of hydroperoxide during 3 hours from tiie start of the reaction was determined by 
Iodometry and gas chromatography to be 5.0 wt%/hr. Furthermore, the selectivity of the cumenehydroperoxide which 
was formed in the reaction was determined by high performance liquid chromatography to be 87 mol%. 

Example 4 

[0108] The reaction was conducted in the same manner as Example 1 except that potassium nitrosodisulfonate was 
used in place of 2,2.6,6-tetramethyIpiperidinoxy. 

[0109] The rate of accumulation of cumenehydroperoxide during 3 hours from the start of the reaction was determined 
by iodometry and gas chromatography to be 5.1 wt%/hr. Furthermore, tiie selectivity of the cumenehydroperoxide 
which was formed in the reaction was determined by high performance liquid chromatography to be 89 mol%. 
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[0110] 50 mg of 2,2.6,6-tetramethyl-4-piperidinol were added to a mixture of 126 g of cumene and 54 g of cumene- 
hydroperoxide, and all of them were dissolved. 5.6 g of purified water were added to it. and this mixture was heated 
5 under 6 K pressure to 1 05^0. The cumene was oxidized by continuous reaction at a residence time of 1 hour while blow- 
ing air into It at a rate of 400 ml/min with vigorous agitation. 

[0111] The rate of accumulation of cumenehydroperoxide after 4, 5 and 6 hours from the start of the reaction was 
determined and averaged by iodometry and gas chromatography to be 37 wt%/hr Furthermore, tiie selectivity of the 
cumenehydroperoxide which was formed in tiie reaction was determined and averaged by high performance liquid 
10 chromatography to be 92 mol%. 

Example 6 

[0112] The reaction was conducted in the same manner as Example 5 except tiiat 36 mg of bis-(2,2,6.6*tetramehyl- 
15 4-piperidinyl)-sebacate was added in place of 2,2.6.6-tetra-metiiyl-4-piperidinol. 

[0113] The rate of accumulation of cumenehydroperoxide after 4, 5, and 6 hours from the start of the reaction was 
determined and averaged by iodometry and gas chromatography to be 3.8 wt%/hr. Furtiiermore, tiie selectivity of tiie 
cumenehydroperoxide which was formed in the reaction was determined and averaged by high performance liquid 
chromatography to be 90 mol%. 

20 

Example 7 

[0114] 5 g of pure water and 36 mg of 2, 4. 6-triphenylphenol were added to a mixture of 122 g of cumene and 53 g 
of cumenehydroperoxide. and all of them were dissolved as an oil phase. This mixture was heated under 6 K pressure 

25 to 105*C. The cumene was oxidized while blowing air into it at a rate of 180 ml/min with vigorous agitation. 

[0115] A solution of 36 mg of 2, 4. 6-triphenylphenol dissolved in a mixture of 122 g of cumene and 53 g of cumene- 
hydroperoxide. and pure water were added into the reactor at rates of 175 g/hour and 5 g/hour, respectively, in such 
manner ttiat the residence time is 1 hour of continuous reaction. The reaction liquid was collected by overflow into 
another vessel tiiree times every hour after 4 hours from tiie start of tiie reaction. 

30 [0116] The rate of accumulation of cumenehydroperoxide was determined by Iodometry and gas chromatography. 
The average of three determination values was 3.8 wt%/hr. Furthermore, the selectivity of the cumenehydroperoxide 
which was formed in tiie reaction was determined by high performance liquid chromatography. The average of tiiree 
determination values was 89 mol%. 

[Oil 7] The A e (SOfi/10) and entiialpy (AH) between the 2.4,6-triphenylphenoxy radical presumed to be formed from 
35 the 2. 4. 6-triphenylphenol used and cumyl radical corresponding to cumene were calculated to be 0.4eV and 
16.5KJ/mon, respectively. 

Examples 

40 [Oil 8] The reaction was conducted in the same manner as Example 7 except that 2. 6-di-t-butyl-4-metiiylphenoi was 
added in place of 2, 4, 6-triphenylphenol. 

[0119] The rate of accumulation of cumenehydroperoxide was determined by iodometry and gas chromatography. 
The average of three determination values was 3.5 wt%/hr. Furthermore, the selectivity of tiie cumenehydroperoxide 
which was formed in tiie reaction was determined by high performance liquid chromatography to be 90 mol%. 

45 

Example 9 

[0120] 5 g of pure water and 36 mg of triphenylphosphineoxide were added to a mixture of 122 g of cumene and 53 
g of cumenehydroperoxide. and all of tiiem were dissolved as an oil phase. This mixture was heated under 6 K pressure 

50 to lOS^'C. Then air was blown into it at a rate of 180 mi/min with vigorous agitation to oxidize cumene. 

[01 21 ] A solution of 36 mg of triphenylphosphineoxide dissolved in a mixture of 1 22 g of cumene and 53 g of cumene- 
hydroperoxide and pure water were added to ttie reactor at rates of 1 75 g/hour and 5 g/hour. respectively, in such man- 
ner that the residence time is 1 hour of continuous reaction. The reaction liquid was collected by overflow into another 
vessel tiiree times every hour after 4 hours from ttie start of tiie reaction. 

55 [0122] The rate of accumulation of cumenehydroperoxide was determined by iodometry and gas chromatography 
The average of three determination values was 4.5 wt%g/hr. Furtiiermore, the selectivity of the cumenehydroperoxide 
which was formed in ttie reaction was determined by high performance liquid chromatography The average of three 
determination values was 90 mol%. 
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Example 1Q 

[0123] The reaction was conducted in the same manner as desaibed in Example 9 except that tri-t-butylphosphine- 
oxide was used as an additive in place of triphenylphosphineoxide. 
5 [0124] The rate of accumulation of cumenehydroperoxide was determined by iodometry and gas chromatography. 
The average of three determination values was 3,5 wt%/hr. Furthermore, the selectivity of the cumenehydroperoxide 
which was formed in the reaction was determined by high performance liquid chromatography to be 90 mol%. 

ConnparativQ Example 1 

10 

[01 25] The reaction was conducted in the same manner as Example 1 except that 2. 2. 6. 6-tetramethylpiperidinoxy 

was not used. 

[01 26] The rate of accumulation of cumenehydroperoxide during 3 hours from the start of the reaction was determined 
by iodometry and gas chromatography to be 5.5 wt%/hr. Furthermore, the selectivity of the cumenehydroperoxide 
IS which was formed in the reaction was determined by high performance liquid chromatography to be 84 mol%. 

ConrToarative Example 2 

[0127] The reaction was conducted In the same manner as Comparative Example 1 except that the reaction temper- 
20 ature was set at 1 00**C. 

[0128] The rate of accumulation of cumenehydroperoxide during 3 hours from the start of the reaction was determined 
by iodometry and gas chromatography to be 4.1 wt%/hr. Furthermore, the selectivity of the cumenehydroperoxide 
which was formed in the reaction was determined by high performance liquid chromatography to be 88 mol%. 

25 Comparative Example 3 

[01 29] The reaction was conducted in the same manner as Example 5 except that 2, 2, 6, 6-tetramethyl-4-piperidinol 
was not used. 

(01 30] The rate of accumulation of cumenehydroperoxide during 3 hours from the start of the reaction was determined 
30 and averaged by iodometry and gas chromatography to be 5.5 wt%/hr. Furthermore, the selectivity of the cumenehy- 
droperoxide which was formed in the reaction was determined and averaged by high performance liquid chromatogra- 
phy to be 86 mol%. 

Comparative Example 4 

35 

[0131 ] The reaction was conducted in the same manner as Comparative Example 3 except that the reaction temper- 
ature was set at 100°C, 

[0132] The rate of accumulation of cumenehydroperoxide during 4, 5 and 6 hours from tiie start of the reaction was 
determined and averaged by iodometry and gas chromatography to be 3.9 wt%/hr. Furthermore, the selectivity of the 
40 cumenehydroperoxide which was fornied in tiie reaction was determined and averaged by high performance liquid 
chromatography to be 89 mol%. 

Comparative Example 5 

45 [0133] The reaction was conducted in tiie same manner as Example 7 except that 2, 4, 6-triphenylphenol was not 
used. 

[0134] The rate of accumulation of cumenehydroperoxide was determined by iodometry and gas chromatography. 
The average of three determination values was 5.5 wt%/hr. Furthermore, tiie selectivity of tiie cumenehydroperoxide 
which was formed in the reaction was determined by high performance liquid chronfiatography to be 86 mol%. 

50 

Ccnror^tive Example g 

[0135] The reaction was conducted in tiie same manner as Comparative Example 5 except tiiat the reaction temper- 
ature was set at lOCC. 

55 [0136] The rate of accumulation of cumenehydroperoxide was determined by iodometry and gas chromatography 
The average of three determination values was 3.9 wt%/hr. Furthermore, the selectivity of tiie cumenehydroperoxide 
which was formed in tiie reaction was determined by high performance liquid chromatography to be 88 mol%. 
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1 . A process for preparing hydroperoxides, which comprises oxidizing hydrocarbon by a gas containing oxygen in the 
presence of at least one compound that can capture radicals and converting it selectively to corresponding 
hydroperoxides. 

2. The process as defined In Claim 1 . wherein arylalkyi hydrocarbon represented by the general formula (I) 



P 




(wherein P and Q, standing for hydrogen or the alkyi group, may be the same or different from each other; x stands 
for a whole number of 1 to 3; and Ar stands for the aromatic hydrocarbon group of the x value) is oxidized by a gas 
containing oxygen and converting it selectively to corresponding arylalkyi hydroperoxides. 

3. The process as defined In Claim 2. wherein the arylalkyi hydrocarbon represented by the general formula (I) is 
cumene, cymene, m-dllsopropylbenzene, p-diisopropylbenzene, 1,3.5-triisopropyibenzene. isopropylnaphthalene, 

• diisopropylnaphthalene, isopropyibiphenyl, diisopropylbiphenyl or a mixture of two or more of these. 

4. The process as defined in Claim 3, wherein arylalkyi hydrocaibon is cumene. 

5. The process as defined in any claim of Claim 1 to 4, wherein the compound that can capture radicals is radicals of 
oxygen, nitrogen, phosphorus, sulfur, carbon or silicon or a compound that forms radicals of these in the reaction 
system. 

6. The process as defined in Claim 5. wherein the compound that can capture radicals is an oxygen radical or a com- 
pound that forms an oxygen radical in the reaction system. 

7. The process as defined in Claim 5, wherein the compound that can capture radicals is a nitrogen radical or a com- 
pound that forms a nitrogen radical in the reaction system. 

8. The process as defined in Claim 5. wherein the compound that can capture radicals is a phosphorus radical or a 
compound that forms a phosphorus radical in the reaction system. 

9. The process as defined in Claim 5, wherein the compound that can capture radicals is phosphine oxide or a com- 
pound that forms phosphine oxide in the reaction system. 

10. The process as defined in Claim 5, wherein the compound that can capture radicals is a sulfur radical or a com- 
pound that forms a sulfur radical in the reaction system. 

1 1 . The process as defined in Claim 5, wherein the compound that can capture radicals is a carbon radical or a com- 
pound tiiat forms a carbon radical in the reaction system. 

12. The process as defined in Claim 5. wherein the compound tiiat can capture radicals is a silicon radical or a com- 
pound that forms a silicon radical in the reaction system. 

13. The process as defined in Claim 6, wherein the compound tiiat can capture radicals is a compound represented by 
tiie general formula (li): 
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(x)^z-o (n) 



(wherein Z stands for nitrogen, sulfur or phosphorus; X stands for any substitutional group; and n stands for a whole 
number of 1 to 4 satisfying the value of Z) or a compound that forms the compound represented by the general for- 
mula (II) in the reaction system. 

14. The process as defined in Claim 13. wherein the compound that can capture radicals is a compound represented 
by the general formula (III): 




(wherein m stands for a whole number of 0 to 3; and -D- and -D'- stand each separately for: 



A B W 

. —0- or — il — 

A, B, X1. X2, R1, R2. R3, R4 and W stand each separately for hydrogen or a substitutional group comprising an 
element selected from among hydrogen, carbon, oxygen, nitrogen, sulfur, phosphorus, silicon and halogen; and 
each ring member carbon atom or each ring member nitrogen atom may form a double bond between adjoining 
atoms). 

1 5. The process as defined in Claim 1 4. wherein the compound that can capture radicals is a compound having a struc- 
ture in which two or more structures of the general formula (III) are crosslinked through any of the groups of XI. X2, 
Aand B. 

16. The process as defined In Claim 1 5, wherein the hydrogen or other substitutional groups of the general formula (III) 
are hydrogen, alkyi group, aryl group, halogen, cyanogen group, amino group, isothiocyanic acid group, -COORa 
(wherein Ra stands for hydrogen, alkyl group and aryl group), (di)alkylaminoalkyl group, hydroxy! group, hydroxy- 
alkyl group, alkoxy group, arylalkoxy group. -CONRbRc (wherein Rb and Rc are each separately hydrogen, all^l 
group and aryl group), oxo group (= O), maleimkje group, phosphoric acid group. sNH group or bivalent group. 

1 7. The process as defined in Claim 1 4, wherein R1 , R2, R3 and R4 are the alkyl group in the general formula (III). 

18. The process as defined in Claim 1 7, wherein the compound represented by the general formula (HQ is 2,2,6,6-ter- 
aalkyl piperidinooxy radical, 4-hydroxy-2.2.6,6-tetraalkyl piperidinyloxy radical. bis-(2,2,6.6-teraalkyl piperidinoxyl)- 
sebacate or 2,2,5.5-teraalkyi pyn'oiydinoxy radical. 

19. The process as defined in Claim 1 , wherein the compound that capture radicals is hindered phenol. 

20. The process as defined in Claim 1 , wherein the conpound that capture radicals is secondary amine. 
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21 . The process as defined in Claim 20. wherein secondary amine is a compound represented by the general formula 

(IV): 




(wherein m stands for a whole number of 0 to 3; -0- and -D'- stand each separately: 



A B 

X.-o- 

• A, B, XI , X2, R1, R2, R3, R4 and W stand each separately hydrogen or a substitutional group comprising an ele- 
ment selected from among hydrogen, carbon, oxygen, nitrogen, sulfur, phosphorus, silicon and halogen; and each 
ring member carbon atom or each ring member nitrogen atom may form a double bond between adjoining atoms). 

22. The process as defined in Claim 21. wherein secondary amine is a conrpound having a structure in which two or 
more structures of the general formula (IV) are crosslinked through any of the radicals of XI . X2. A and B. 

23. The process as defined in Claim 21 . wherein the hydrogen or other substitutional groups of the general formula (IV) 
are hydrogen, alkyi group, aryt group, halogen, cyanogen group, amino group, isothiocyanic acid group, -COGRa 
(wherein Ra stands for hydrogen. alkyI group or aryl group). {di)alkylaminoalkyl group, hydroxyl group, hydroxyalkyi 
group, alkoxy group, arylalkoxy group. -CONRbRc (wheran Rb and Rc are each separately hydrogen, alkyI group 
or aryl group), oxo group (= 0), maleimide group, phosphoric acid group, =NH group or bivalent group. 

24. The process as defined in Claims 21 22 or 23, wherein R1 . R2, R3 and R4 are the alkyI group in the general formula 
(IV). 

25. The process as defined in Claim 24, wherein the compound represented by the general formula (IV) is 2,2,6,6-ter- 
aalkylpiperidine. 2,2,6,6-tetraalkyl-4-piperidinol. bis-(2,2,6.6-teraalkylpiperidlnyl)-sebacate or 2,2.5.5-teraalkylpyr- 
rolidine. 

26. The process as defined in Claim 1. wherein the SOMO energy levels^f the compound that can capture radicals 
and the radicals to be captured are determined by calculation by the MND0-PM3 method and the difference 
between them is used in the selection of the compound that can capture radicals. 

27. The process as defined in Claim 26, wherein the difference in the SOMO energy level (A c (SOMO)) between the 
compound that can capture radicals and the radicals to be captured is not more than lOeV as calculated by the 
MND0-PM3 method. 

28. The process as defined in Claim 1, wherein the difference in the SOMO energy level (A e (SOMO)) between the 
compound that can capture radicals and the radicals corresponding to hydrocartsons to be oxidized represented by 
the following formula (1-2) Is not less than OeV and not more than lOeV as calculated by the MND0-PM3 method. 



W 

I 
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x-1 ( 



(1-2) 



(wherein P and Q. standing for hydrogen or the alkyi group, may be the same or different from each other; x stands 
for a whole number of 1 to 3; and Ar stands for the aromatic hydrocarbon group of the x value.) 

29. The process as defined in Claim 1. 26, 27 or 28, wherein a compound that the calculated enthalpy (AH) value to 
break the bond between the conrpound and a radical of the following formula con-esponding to the hydrocarbon to 
be oxkiized when assuming the compound has captured the radical, to form the compound and the radical as 
before the capture, is -30 to 50 KJ/mol. are used as the compound that can capture radicals: 



-Ar— 
x-1 Q 



(1-2) 



(wherein P and Q. standing for hydrogen or the alkyI group, may be the same or different from each other; x stands 
for a whole number of 1 to 3; and Ar stands for the aromatic hydrocarbon group of the x value). 

30. A process for preparing hydroperoxides by oxidizing arylalkyi hydrocarbon represented by the general formula (I) 
by a gas containing oxygen in the presence of at least one nitroxide radical, and converting it selectively to con'e- 
sponding arylalkyi hydroperoxides. 



Ar 



-H 



(I) 



(wherein P and Q, standing for hydrogen or the alkyI group, may be the same or different from each other; x stands 
for a whole number of 1 to 3; and Ar stands for the aromatic hydrocarbon group of the x value) 

31. The process as defined in Claim 30, wherein the nitroxide radical is a compound represented by the general for- 
mula (III): 
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O' 



(ni) 



(wherein m stands for a whole number of 0 to 3; and -D- and -D*- stand each separately for: 



A a M 

. — O— or — N 



N — 



W 



A, B. X1, X2, R1, R2, R3, R4 and W stand each separately for hydrogen or a substitutional group comprising an 
• element selected from hydrogen, carbon, oxygen, nitrogen, sulfur, phosphorus, silicon and halogen; and each ring 
member carbon atom or each ring member nitrogen atom may form a double bond between adjoining atoms). 

32. The process as defined in Claim 30, wherein a compound that turns into nitroxide radical in the reaction system is 
present in the system in place of nitroxide radical. 

33. The process as defined in Claim 32. wherein a compound that turns into nitroxide radical is at least one compound 
selected from the compounds of the general formulas (V). (VI) and (VII): 



(wherein n stands for a whole number of 0 to 4; and R5 and R6 stand each separately for hydrogen or a substitu- 
tional group comprising an element selected from among hydrogen, carbon, oxygen, nitrogen, sulfur . phosphor, 
silicon and halogen.) 



(wherein R7, R8 and R9 stand each separately for hydrogen or a substitutional group comprising an element 
selected from among hydrogen, carbon, oxygen, nitrogen, sulfur, phosphor, silicon and halogen.) 





(VI) 
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5 




(Vfl) 



10 

(wherein 1 stands for a whole number of 0 to 3; and Y RIO and R11 stand each separately for hydrogen or a sub- 
stitutional group comprising an element selected from among hydrogen, carbon, oxygen, nitrogen, sulfur, phos- 
phor, silicon and halogen.) 

IS 34. The process as defined in claim 30, wherein the hydrocarbon is cumene. 
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